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(71) We, DEUTSCHE BABCOCK 
& WILCOX AKTIENGESELLSCHAFT, of 
375, Duisburger Strasse, 42 Oberhausen/Rhld. 
Germany, a corporation organised under the 
5 laws of the Federal Republic of Germany, 
do hereby declare the invention, for which 
we pray that a patent may be granted to 
us, and the method by which it is to be 
performed, to be particularly described in 

10 and by the following statement: — 

The present invention relates to a method 
of fonning a tubular workpiece with a bend. 

When tubes are bent on machines with appli- 
cation of heat, only an annular zone may 

15 be brought to a hot profiling temperature, and 
the tube is deformed in some cases by in- 
dividual steps and in other cases continuously. 
The surroundings of the bending region are 
cooled, so that at the position of the bend 

20 itself an ovality of the tube bend may be pre- 
vented by the so-called supporting effect of 
the cooler, non-deformable surroundings. 
According to the existing specifications, par- 
ticular values for such ovality may not be 

25 exceeded, which in the case of bending with 
small ratios of bending radius to the outer dia- 
meter of the tube to be bent may not be 
attainable when earlier processes are employed, 
so that the development both of the "Ham- 

30 burger" and also of the "Inductive Tube 
Bending" processes took place. Processes with 
gas ring burners or chamber furnaces, which 
heat only a zone of a tube, work also on the 
same principle. In the employment of these 

35 processes it became apparent, however, that 
damage to the tube material can occur at the 
outer bend, in consequence of factors restrict- 
ing elongation. In other processes, during the 
continuous bending a counter-pressure is 

40 applied to the tube against the direction of 
feed of the tube. However, this principle has 
generally only been employed for tubes of 
diameter up to 460 millimetres, since in other 
cases machine dimensions may be required 

45 which are not an economic proposition. 

Furthermore, with the described machines, 
in particular in the case of bends beyond 90°, 

[Price S3p] 



supporting tools may also be necessary, which 
can make the process uneconomic. Particu- 
larly in high pressure and super-heated steam 
lines in the chemical industry, and also in 
power stations consuming nuclear fuels, lines 
of large internal diameter and large wall 
thicknesses may be necessary. These may con- 
siderably exceed the value of 460 millimetres, 
and nowadays may even reach a magnitude of 
1000 millimetres internal width at an R/d 
value of 1.5 and a d/s value of 10, where 
d represents the tube outer diameter, s the 
tube wall thickness, and R the bending radius. 
Because of the high cost of the material, over- 
sizing may be a substantial cost factor, and 
installations for the production of Hamburger 
bends rather scarce, so that pressings may have 
to be put together using expensive weld 
connections to produce the required tube 
bends. 

For the production of tube bends, the 
thickenings required to impart adequate 
strength and permissible thinnings of the 
tube wall are specified accurately by the 
inspection authorities. According to these 
authorities, the required thickening of the 
inner bend may be represented by 
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and the permissible thinning of the outer 
bend by 
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where fa and fi are the factors by which the 
wall thickness of the tube before deformation 80 
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js multiplied to give the wall thickness after 
deformation, fi is always greater than 1, and 
fa always smaller than 1. In the formulae, 
R/d is the value of the bending radius divided 
5 by the outer diameter of the tube to be bent. 
As the ratio of R to d becomes smaller, fi 
becomes greater, and fa smaller. 

These formulae of membrane theory show 
that at positions of tube bends much thicker 

10 tubes must be employed for their production, 
and that additional welding seams and/or a 
considerable excess consumption of material 
becomes necessary: Thus for example, tube 
bends produced in the "Hamburger" tube 

15 bend process, in which with a circular cross 
section a wall thickness is generated which 
is completely uniform over the circumference, 
consume much more material than the speci- 
fied thickening of the inner bend requires. 

20 When a frequently occurring value of R/d of 
1.5 is employed, this is according to the above 
formula an increased material demand of 
25 per cent, which is present also in the 
outer bend, which, however, according to the 

25 second formula could, if desired, be^ thinner 
by 12.5 per cent. 

Particularly in the case of thick-walled 
tubes of large diameter and small bending 
radius, this gives rise to a greatly increased 

30 material consumption, connected with high 
costs with expensive materials, such as are 
necessary in super-heated steam lines of power 
stations with petrified and nuclear fuels of high 
performance, or in the chemical industry where 

35 high alloyed fine steels are used. In the above 
example, in the case of Hamburger tube bends 
the increased consumption of material is 
15.5 per cent, if a conventional value of d/s 
of 10 is accepted. What is more, the con- 

40 nection of over-sized bends of this kind with 
a subsequent tube may give rise to undesired 
tensions, while the formation of a transition 
between tube lengths by mechanical working 
may be expensive and difficult, and a weld 

45 connection may be unsightly. 

According to the present invention, there 
is provided a method of forming a tubular 
workpiece with a bend, comprising the steps 
of heating a portion of the circumference of 

50 the workpiece at a bending region of the 
workpiece to a first temperature such as to 
render that portion deformable by a hot work- 
ing process, maintaining the remainder of that 
circumference at a second temperature below 

55 the first temperature, the difference between 
the first temperature and the second tempera- 
ture being substantially in the range of 1GXTC 
to 500*0, and so deforming the workpiece to 
produce a bend at the bending region that the 
portion includes the innermost part of the 

60 bend. 

Suitably, the portion comprises three 
quarters of the circumference. 

Conveniently, the workpiece is of steel and 
the heating step comprises the step of heat- 



ing the portion to a temperature in the ranse 65 
of S50 C C to 1200 C C. 

In one method, the workpiece is of steel, 
the mean temperature of the remainder being 
650 : C and the highest local temperature in 
the portion being 1100'C during the de- 70 
forming step. 

Suitably, heating means comprising an in- 
ductor are employed to cany out the heating 
step. 

Conveniently, the inductor is provided with 75 
yoke laminations to intensify said portion 
heating, and preferably a part of the in- 
ductor is free from the presence of yoke 
laminations, that part of the inductor being 
provided to heat the remainder of the circum- 80 
ference; further preferablv the voke lamina- 
tions occupy substantial^ half of the circum- 
ference of the inductor." 

Expediently, the yoke laminations are 
arranged symmetrically about a bending plane 85 
defined at the bending region, and preferably 
the inductor comprises a surface heating in- 
ductor to heat different longitudinal sections 
of the workpiece with different intensities. 

The inductor may comprise a pluralitv of 90 
helical turns of electrically conductive material. 

Suitably., at least two individual such in- 
ductors are provided to heat respective por- 
tions of the workpiece, which are mutuallv 
spaced in the direction of the longitudinal 95 
axis of the workpiece, and preferably said two 
inductors are connected individually to res- 
pective sources of alternating current at res- 
pectively different frequency. 

Conveniently, the yoke laminations of sue- 100 
cessive ones of the inductors occupy succes- 
sively greater proportions of the circumfer- 
ences of the respective inductors. 

Suitably, heating means comprising at least 
one burner are employed to carry out the 105 
heating step and preferably a series of in- 
ductors cooperate with the burner or burners. 

The method may comprise the step of so 
mounting the workpiece on a support that 
the heating means are received within the 110 
workpiece. 

The method may comprise the step of so 
locating the workpiece that the remainder of 
the circumference at the bending region is 
spaced further than the portion from the res- 115 
pectively nearest part of the heating means. 

Preferably, the deforming step is so carried 
out that the ratio of the wall thickness of the 
portion of the circumference after the de- 
forming step to the corresponding value be- 120 
fore the deforming step is at least 




R 

4 2 

d 



BNSDOCIO: <GE. 



1367343A_J_> 



0 



1,387,343 



80 



85 



and that the rauo of the wall thickness of requirement not to thin the outer bend in- 

rn™nH- de J ^ w «*P *> *e permissibly leads with tubes of uniform ^Zl 

STE2 8 def0iming thkkneSS t0 a s ^tantially greater thicE 60 

51 ^ng of the inner bend than is required. From 

this follows an increased force requirement 

A , * for A* compressing of the enlarged cross 

j section. However, it is not possible to use an 

• 5 Q indefinitely large force, since this might lead 65 

Z > t0 2 very great reduction in the resistance to 

a_ deformation of the tube after bending. A 

^~7~ tube bend whic h corresponds exactly to the 

a formulae of membrane theory may, with 

wh£ R is *e radius of the bend, and d SgX SSSLS iSSft £ 70 

¥wn e S2SS.. d, " ,aBr r* 0f - ^ ™ rk P iece . ''ng a tube of non-uniform' waU iSfiSi 

JJS • . exemplifying the present in- employed, the eccentricity of the toS°5ne 

in X T bC m ° re P aiticularl y des- different from the R/d va lue of tend 

1 ° S^V^ However, this.may be' mconveifLS 

e7 i v. I' . . of the necessity to connect the bent mhc ? 5 

Fig. 1 shows a schematic perspective view of to a tube of uniform waU thickneT wSch 

a device for carrying out one method exem- may lead to similar DroH«nHc^f »i,» 

phfymg the present invention and provided of the •Too , tfafck %£3SSZJ? 3ft 

Fig 2 shows a schematic perspective view material may thus be dehTjeratelv n„r V« ™££ 
of a device with an inductor at the bending to retain tiJad^^rfS? a ffi 2? £2 

t« fu , . „. n 1S de sired to form m a tube several hpnHc 

H,™.?^ fT""*™' *?» » Hs- »- -11 of which arc disposed XffS 

doctors tntli yoite covem.Es „ ver different Ihe thinnest tube win shookl h f ..SJr? 

pioportions of the dtaimfcieiite of each in- the txStSi of "toLS ?£Lr » 

25 and I *. of a , ob e 1, tte MuotSs tea E m genSa T £ VeSStSh, 

"£ °2! "« «tted on the unifomt wall tfiSs. ""pktely 

55 ^fifTWS^V^ JSC'S 

In die arrangement shown in Fig. 2, a attSte Tr^T ^ * " d 105 

50 tam a controlled wall thickness pattern accord- of 1100'C i ?te JShS 6 2 ^ Ue 

mg to the specification, P lTiLr^6 ^ * a * a *" *»* 

Since in bending a tube of uniform wall The hMtino , . "5 

thickness is normally employed as the starting pn^SSZW- v 3y S 001 - 

tube, the requirements of the formulae fo? on * oSdl o hl^ tC^t™?** 

55 perm ssible thinning and required thickening connectSTo lo£7£ies a wife SL"? 

m outer and inner bends may not be possible the tube Thev are aSSSiw f„ P 1* of 

to meet in all case, The fulfilment^ the with £ tt'S£%XZFSl?Z ™ 
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heat the portion of the circumference of the 
tube to form the inner part of the bend and 
to control the temperature of the remainder 
of the circumference of the tube to form 

5 the outer part of the bend in accordance with 
the intensity and disposition of the inductors 
and/or burners. The bending itself (deform- 
ing step) is only begun when the desired pre- 
heating has taken place at all relevant posi- 

10 tions of the tube and may be carried out by 
any suitable deforming means, for example 
of known kind. 

It is expedient to arrange one or more pre- 
heating inductors or burners to precede the 

15 bending region in a path to be followed by 
the tube, so as to attain the necessary tem- 
perature at the bending region within a 
short time. It is ensured that the temperatures 
employed in such pre-heating are lower than 

20 those at the bending region and they are 
selected with regard to the tube material used. 

It can be advantageous to bring about the 
intensification of the inductive performance 
of inductors and of the inductive field by the 

25 fitting of yoke laminations on the inductors 
adjacent the inner bend. The parts of the 
inductors surrounding the outer bend prefer- 
ably carry no yoke laminations. A similar 
effect may be achieved if the part of the in- 

30 ductor surrounding the outer bend has a larger 
spacing from the nearest part of the tube 
surface than the part surrounding the inner 
bend has from its nearest part of the tube 
surface. 

35 in Fig. 1 the pre-heating inductors of suc- 
cessively greater distance from the bending 
region are covered with field-intensifying yoke 
laminations over successively smaller propor- 
tions of the circumference, symmetrically about 

40 the bending plane, which is defined by guide 
means (not shown). The inductor shown at 
7 and S in Fig. 2 is an inductor for surface 
heating, which pre-heats different longitudinal 
sections of the tube to different temperatures, 

45 but still symmetrically about the bending 
plane, and carries yoke laminations at its 
middle zone 7, on the inner bead side. It is 
expedient to incorporate at least two induc- 
tors constructed for operation at different 

50 frequencies in the apparatus. 

In another arrangement (not shown), an 
inductor surrounding the tube in several helical 
turns is employed, which has on the inner side 
of the bend, arranged symmetrically about 

55 the bending plane, field-intensifying yoke 
laminations, which embrace about half of the 
circumference of the tube at the bending 
region and which are arranged on circumfer- 
tial portions of the tube which become smaller 

60 in a direction away from the bending region. 
With the described devices, operation can 
so take place that only one bending moment 
is applied at the bending region. In the bend- 
ing region a temperature field is set up, which 

65 is so controlled that in the inner bend, for 



the purpose of the compression which has to 
take place there a zone of high temperature 
is generated. In the outer bend, the tem- 
perature remains so low that the tube in the 
outer bend region becomes elongated only 70 
slightly to the extent specified or perhaps even 
not at all. The forces necessary for produc- 
ing the required elongation or tension then 
make possible the compression of the inner 
side of the bend. Thus, the necessity for the 75 
action of additional forces from outside to 
compress the inner bend part of the tube is 
avoided. Such action was, however, neces- 
sary in general in processes and devices pre- 
viously employed. In the presently described 80 
process the material is treated with care, be- 
cause a high temperature is applied only to 
that portion of the cross sectional surface of 
the tube which later becomes the inner bend, 
and the material is maintained relatively so 85 
cool at the remainder of the cross sectional 
surface, which later becomes the outer bend, 
that elongation and compression during the 
bending are in the specified ratio to one 
another, and an over-stressing of the material 90 
is avoided. The ratio of the area of the outer 
bend part of the cross sectional surface to the 
inner bend part is chosen to be equal to the 
ratio of the corresponding resistances of the 
respective parts of the tube to deformation. 95 
The following mathematical expressions apply 
to this manner of bending : 



M b >Mi + M 0 



in which 

Mi, is the necessary bending moment; 

^Fj represents a surface element of the 
bend part to be compressed — i.e. the 105 
inner bend part; 

^F a represents a surface element of the 
outer bend part; 

r s and r* are the distances of the res- 
pective above mentioned surface elements 110 
from the bending axis; 



'T t 

* and <rwa I S,"^ is Pearly useful when heating is 

no <rwa to take pJ a , S£) ffom ^ s 

J ls * ube ' t0 a ^ve a very uniform tempera- 



are the values of resistance to deforma- S T fir-" ^u? 3 , fa 1116 « 

tion of the respective surface elements £5 SnLl ^L**Il and/or a 

which are mentioned in the definitions of ^^t^JST^ (not 

5 AF, and aF. above and which are set h»™4 I a,- P rovided > so l ° mount the 

in dependence upon the temped NE shown? as t™^%°K 3 SUPP ° n < not 

taming in the element; buS lV/n Pf T e t0 receave the 70 

the range from T, to T, 'is the temperature TnSffctS ^ ^ 

range in which the tube is subjected to 1131 heatm 8 "» also be 

10 a compressive force during benE and l^iT - ^ mduCt0rs are * 0TO in Kg. 

T, t. T^is the temperatuiVngeTwmS Le w «h vote in ^ inn ™ 

idle tube is subjected to a tension force When tevS ^^T^ , 75 

during bending. , , several . md "«ors are employed, then 

6 g a „Sr ,CU,ar Procedure and 1 arrange- 

T, thus represents the highest and T J? 64 7,16 ?° ld 048 is Pre-heated 

15 teJ^J^rftt^J&Sl et4eupr'00^vK 8reg r ^ „o 

periphery at the bending region i^wji P • ,H wMe pre-heating 80 

Since 'the resistances to ^deformation alter £2^.™/™**? olL ^ fir * • 

also with the speed of deformation^ bend- RoTp!a^r 3 on«r^ V heat 

ing power and thus also the bendine sDoed he„°i?™ P • u 0 9 hl S her - Thus the 

20 can be calculated in dependent ™ nn P ^ 2 "l S regl °? reaches f °r example 800°Q 
applkd heati^ power. PeDdeDCe UP ° D ^2£~** ^ on 300 ^ where- 85 

The generation of a temperature oradienr £?ZJ . • d J 1 ? 46 """"I** la «) 

to fall from high valuesinTh "?nf£ ™£ ? u"" JS ? wtd,ed 0IL T** deforming step 

of the bend tolow onS 2 Se oTte SS ioferS^ of for ^ 

25 of the bend, is possible b? tafcrng ^eps^to SSf a ? $* ^ gim 311(3 for exam P Ie 

raise the inductive performance « glacis f L r«d£a g P °^° n 1 ? emat 10 90 

to be heated more strongly, and converse steps able Xn L P 100 ^ 18 a PPlio 

30 d^eouippedonon/sideLryr^: 95 
upon the chosen frequ^Tte talfate mte IJl ^ ° 20De of * e 

sk^xjvs^'s?: in g ^±nr >c ^ tak ^ piaceb y h -- 100 

limited power per unit surface area ma/ in ZL Z " ithout fiUin 8 

practice be allied, to avofd 0^^ nSn a Shd* ^ by an 

Especially at large wall thicknesses and/or 

40 Ja fge bending speed therefore, it may be WHAT WE CI. ATM t-q. 

advantageous to pre-heat in particular the 1 A m JthZi 7? , • S : — , 

eventual inner bend pan before it reaches the pic « witih 0imDg - ■* tu t ular wo *- 105 

position where bending takes place. TheTnner h^S. Z ™mpnsmg the steps of 

bend part is to be brought to a high S SSLt P ^l^? be an ? mfer ence of the 

45 perature , smce also me gamc^istic 8 of Ae pTeceTa ten^?^° f ^ 

inductive heating alters with temperature This ihar nnrtln^i f pe u, ur f ^ as t0 render 

pre-heating can likewise be earriS ouTby one X*£ ZnS^t by *■ Y woridn S "0 

or more inductors, the inductor at the biding chSe^^tTL^, ? raainck:r of 

region itself being covered for example with ri^. ""P* perature below 

50 yoke laminations over about to "of Se Tube £ faS?^ the difference between 
circumference, while the pre-heatine inducts l v temperature and the second tempera- 
connected in front of it is proS w i yoke Tsto^ ^' in - the i an « e of ™>'C 115 
laminations symmetrically to the inne? S prodSe^' tend « SCT ^ t0 
for example only over one third of the cir- wrtion faS. ,?* bendmg * e 

55 cumference, and the one disposed in front of bSd 6 P« of the 

available the pre-heating can t£ phi % fkSL ^ ^ qUaitCrs of * e 

60 Srslf L'usTto S-o^ra'S C 1 or iff? 1 f ^ » ^r claim 

ductive heaters. The employment ^ £ A\^-^SSt«i- 125 
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of heating the portion to a temperature in 
the range of 850°C to 1200°C. 

4. A method as claimed in either claim 
1 or claim 2, wherein the workpiece is of 

5 steel, the mean temperature of the remainder 
being 650° C and the highest local tem- 
perature in the portion beilOO g°Cnl asirpuu 
perature in the portion being 1100°C during 
the deforming step. 

10 5. A method as claimed in any one of the 
preceding claims, wherein heating means com- 
prising an inductor are employed to carry 
out the heating step. 

6. A method as claimed in claim 5, where- 
15 in the inductor is provided with yoke lamina- 
tions to intensify said portion heating. 

7. A method as claimed in claim 6, where- 
in a part of the inductor is free from the 
presence of yoke laminations, that part of the 

20 inductor being provided to heat the remainder 
of the circumference. 

8. A method as claimed in claim 7, where- 
in the yoke laminations occupy substantially 
half of the circumference of the inductor. 

25 9. A method as claimed in any one of 
claims 6 to 8, wherein the yoke laminations 
are arranged symmetrically about a bending 
plane defined at the bending region. 

10. A method as claimed in claim 9, 
30 wherein the inductor comprises a surface heat- 
ing inductor to heat different longitudinal 
sections of the workpiece with different in- 
tensities. 

11. A method as claimed in any one of 
35 claims 5 to 9, wherein the inductor comprises 

a plurality of helical turns of electrically con- 
ductive material. 

12. A method as claimed in any one of 
claims 5 to 11, wherein at least two indivi- 

40 dual such inductors are provided to heat res- 
pective portions of the workpiece, which are 
mutually spaced in the direction of the longi- 
tudinal axis of the workpiece. 

13. A method as claimed in claim 12, 
45 wherein said two inductors are connected in- 
dividually to respective sources of alternating 
current at respectively different frequency. 

14. A method as claimed in either claim 
12 or claim 13, when appendant to claim 

50 7, wherein the yoke laminations of successive 
ones of the inductors occupy successively 
greater proportions of the circumferences of 
the respective inductors. 

15. A method as claimed in any one of 
55 claims 1 to 4, wherein heating means com- 



prising at least one burner are employed to 
carry out the heating step, 

16. A method as claimed in claim 15, 
wherein a series of inductors co-operate with 

the burner or burners. 60 

17. A method as claimed in any one of 
claims 5 to 16, comprising the step of so 
mounting the workpiece on a support that 
the heating means are received within the 
workpiece. 65 

18. A method as claimed in any one of 
claims 5 to 17, comprising the step of so locat- 
ing the workpiece that the remainder of the 
circumference at the bending region is spaced 
further than the portion from the respectively 70 
nearest part of the heating means. 

19. A method as claimed in any one of 
the preceding claims, wherein the deforming 
step is so carried out that the ratio of the 
wall thickness of the portion of the circum- 75 
ference after the deforming step to the cor- 
responding value before the deforming step 

is at least 

R 

4 1 

d 



and that the ratio of the wall thickness of 
the remainder after the deforming step to 
the corresponding value before the deforming 
step is at least 

R 

A +1 



where R is the radius of the bend, and d 85 
is the external diameter of the workpiece. 

20. A method for forming a tubular work- 
piece with a bend, the method being sub- 
stantially as hereinbefore described with refer- 
ence to the accompanying drawing. 90 

DR. WALTHER WOLFF & CO., 
75, Victoria Street, 
London S.W.I. 
Chartered Patent Agents, 
Agents for the AppHcant(s). 
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